[e.g., Gringauz et al., 1979] . We have modeled the excitation rates produced by the precipi.tation of soft electrons into the nightside atmosphere in order to determine the approximate magnitude of the electron number fluxes necessary to produce the observed emissions. The fluxes are also constrained by the limits on intensities of other emissions that have not been detected and by the ion production rates that would result from such precipitation.
THE OBSERVATIONS
The PVOUVS instrument and its operations are described by Stewart [1980] . The spacecraft orbit plane is fixed in inertial space, so that the local time of a given observation advances by 24 hours every Venus year. The OUVS line of sight is offset 60 ø from the spin axis, which points at the south ecliptic pole. The line of sight scans across the planet during two periods on each orbit; the first occurs several hours before periapsis when the spacecraft is moving northward, and the second occurs near periapsis when the spacecraft motion is southward [see Stewart et al., 1980] . In the present study we are concerned with spin-scan images at 1304 • and 1356 .
• ob- We have computed upper and lower limits to the necessary fluxes by modeling the production rates due to precipitating electrons in two ways. We first modeled the energy deposition of the primary electrons using the continuous slowing down approximation. In this calculation we adopted the the empirically determined shape of the differential ionization cross sections reported by Opal et al. [1971] and the secondary electrons were assumed to deposit their energy locally and discretely. In the continuous slowing down approximation, errors arise primarily from two sources. First, the electrons are considered to lose their energy continuously rather than discretely. Second, elastic scattering is ignored. For highenergy electrons, such as those associated with terrestrial auroras, the average energy loss is a small fraction of the total energy and the elastic cross sections are strongly forward peaked, so the errors are not serious. The assumption of continuous energy loss causes the electrons to appear to be absorbed over a more narrow altitude region than would be the case if the discrete and variable energy loss were taken into account. As the energy of the primary electrons decreases, the average energy loss becomes a larger fraction of the total energy and the differential elastic scattering cross sections become more isotropic. Consequently, the approximation breaks down for soft electrons. For very low energy electrons, elastic scattering accounts for a larger fraction of the total scattering, so the continuous slowing down approximation predicts that the electrons penetrate much farther than is observed. Because the efficiencies for production of photons are larger for electron energy loss in O than in COd, more deeply penetrating electrons will excite the emissions less efficiently, and a larger flux is necessary to produce the observed emissions. The continuous slowing down calculation therefore provides an upper limit to the necessary fluxes. A lower limit to the necessary number flux for a given spectral shape may be found by modeling electron precipitation into pure atomic oxygen, since the excitation efficiencies are largest for this case. Accordingly, our lower limit model is a discrete local energy loss calculation for our reference spectrum of electrons depositing their energy in pure atomic oxygen.
RESULTS
In Table i The number fluxes and energies are those of our reference spectrum, with angles of incidence assumed isotropic from 0 ø to 80 ø.
electrons with an energy distribution determined by our reference spectrum impinging on the top of the atmosphere, which is at 235 km in our model. These values were computed using the continuous slowing down approximation. The major contribution to both emissions is from electron impact on atomic oxygen. The model predicts a 1304-.
• photon production rate of 24 x106 cm-2s -•, but the observed intensities will be enhanced by radiative transfer. The predicted 1356-• intensity is about 5.8 R and will not be affected by radiative transfer.
An intensity of 1.6 R of 1356-• emission will be produced by fluxes normalized to 28% of our reference spectrum.
The Cameron band intensities predicted using the continuous slowing down approximation are also shown in Table 1 . We predict intensities of I -2 R from this source [Fox, 1989 ].
Ionization will also result from precipitation of electrons with energies greater than 13.6 eV. Table 2 shows the integrated ionization rates computed for our reference electron spectrum, using the continuous slowing down approximation. Figure 2 shows the ratio of 3Sø excitation to ionization for 20-eV electrons. The ratio increases with altitude of absorption because 3S production is much less efficient for CO2 than for O. The ratio also varies with electron energy. Figure 3 shows the ratio of O(3S ø) production to ionization as a function of electron energy for both gases. The values for electron impact on O are much larger than for electron impact on CO2, so the deeper in the atmosphere the electrons penetrate, the more ionization will be produced for a given O(3S ø) emission rate.
For electron energy loss in pure atomic oxygen, Figure 3 shows that, independent of penetration depth, the ratio rises steeply with decreasing electron energy for energies less than 20 eV, becoming infinite below the ionization threshold at 13.6 eV. Thus softer electrons will produce a higher ratio of excitation to ionization than more energetic electrons; the excess ionization produced by precipitation of electrons with hundreds or thousands of eV is another argument against electrons in this energy range. Table 2 shows the integrated ionization rates produced by our reference spectrum computed using the continuous slowing down approximation. The composition of the nightside ionosphere is similar to that of the dayside, Table 3 as the "lower limit" case. Table 3 We find that 1.6 R of 1356-]i emission are produced by number fluxes that are factors of 8-28% of our reference spectrum. It can be seen that the lower and upper limit photon and ion production rates for our reference spectrum bracket numbers that are consistent with the emission data and observed ion densities. In contrast, for 300-eV electrons, The values for precipitation of 300 eV electrons are shown for comparison.
"Obtained by using the continuous slowing down method in a model atmosphere for our reference spectrum multiplied by 0.28.
b Obtained by using the discrete, local loss method for our reference spectrum multiplied by 0.079. Krasnopol'sky, V. A., Excitation of oxygen emissions in the night airglow of the terrestrial planets, Planet.
